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Summary 

The olDject of this report is to furnish the designer and tuilc.- 
er of small airplanes a simple system for the designing of the pro- 
•peller and the makin:^ of the dravdng. An em/pirical design method 
is used^ "cased on tests of model propellers in a ^/vind tunnel and 
full scale tests of propellers in flight- The actual designing is 
accomplished by means of charts and involves very little calcula- 
tion. The layinc^ out and drawing of the pro-»Deller are also reduced 
to simple operations hy the use of a basic or raster propeller with 
dim.ensions given in terms of the diameter- 

Introduction 

For every combination of airplane and engine, xhere is a cer- 
tain design of propeller vfhich -111 give the highest maximam speed- 
A elightly different design having less pitch and usually greater 
diameter will shov; the best performance in clirib. The best pro- 
peller for all-round service "^ill have characteristics betvreen the 
high speed propeller and the clim:bing propeller. As the service 
propeller is the type almost universally used, it i?. the only one 
dealt with in this report- 
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In the case of a. tra.ctor propeller, v/here the fuselage is in 
the slipstream, the poxrer absorbed is greater than that of the pro- 
peller running alone. The amount of this power increase depends on 
the sii^e and form of the fuselage > In this method of design, it is 
considered that a tractor propeller is operating in front of an av- 
erage fuselage* 

The accuracy vith \?7hich a propeller will fit certain operating 
conditions depends primarily on the correctness of the perf orma^nce 
figures (HP., R.P.M. , and Speed) of the airplane and engine. If 
these are not correct the propeller will not give the desired per- 
formance. This report is based on data sufficiently accurate for 
the design of propellers for airplanes ranging from pov/er models of 
less than one horsepower to airplanes of about fifty horsepower. 

Basis of Design 

The data necessary for the designing of a propeller are the 
brake horsepower of the engine, the revolutions per minute of the 
propeller shaft, and the speed of the airplane- These com.prise the 
required performance of the combination of airplane, engine, and pro 
peller. A non-dimensional coefficient involving the above factors 

is / -^J. where 
V P n*^ 

V = Airspeed in ft. per sec 

P - Power in ft. lb. per sec- 

n = Revolutions per sec. 

p = Density of air in mass units- 
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This lela.tion is developed in N.A.C.A. Technical Report No. 

186 by V/alter S- Diehl. Using engineering units and the value of 

P for standard atmosphere, the relation iDeGOffies 

Performance coefficient = -325 / 

V HP. X N 

ivhere V - Airspeed in miles per hour 

HP. = Brake horsepoTxer of engine 
N = Revolutions per minute. 
This equation can be readily solved by means of the nomogram 
in Fig. 1. 

The operating conditions of any propeller are governed by the 
airspeed, the revolutions, and the propeller diameter. These are 
put into another dimensionless coefficient called J- 

T = X- = lOoSV 
nd m 

where d = Propeller diameter in feet 

D = Propeller diameter in inches. 

Any propeller of pitch p, and diameter D, or pitch-diameter 
ratio p/D, has a definite operating condition or value of J at 
\«rhich it works at its maximum efficiency. It also has a value of 
J at i7hich it should be operating when it is an all-round service 
propeller on an airplane traveling at maximum speed. 

Fig. 2 is a curve made up of a series of these values of J 
for varying pitch-diameter ratios, plotted against their correspond- 
ing values of the performance coefficient / ^ • 
^ V P n 
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The data for this curve are based on Durand's Nav^^ Model Tests, 
but are entirely iTOdified by flight tests, a few of which were made 
under the direction of Professor £• P. Lesley at Langley Field. 
Most of them, however, are regular propeller performance tests- The 
curve is for service propellers working in front of a fuselage of 
average resistance and proportions. The use of the curve is simple^ 
giving directly the values of J and p/D for the performance coef- 
ficient obtained from the nomogram (Fig. 1)* 

The diameter is then given by the relation 

NJ 

The pitch is found by multiplying the diameter by the pitch- 
diameter ratio found in Fig. 2, or p =^ p/D x 

Efficiency 

The approximate efficiency of the propeller when vjorking at the 
operating condition or value of J for which it was designed, is 
shown in Fig. 3. The value of the efficiency is higher for the 
higher values of J. 

A geared-down propeller operates at a higher value of J than 
a corresponding direct drive propeller, and is therefore more effi- 
cient, other things being equal. 

The propeller efficiency at the speed for best climb is usually 
from .87 to .93 of that for. high speed. 

With the efficiency, KP. and speed known. 
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Thrust in lb. = 37^Ig, ^y efficienc y _ 

Strength 

The stresses in a propeller of given proportions vary as the 
square of the tip speed* Practically, the tip speed varies with the 
diameter and the revolutions per minute- If the product of the rev- 
olutions and the diameter in inches (ND) is less than 170,000, 
the stresses in the particular design of propeller used in this re- 
port will be so low that sprijce can safely he used- If it is under 
210,000 walnut or white oak will be sufficiently strong, but for 
anything over this figure, birch or hickory should be used- If, as 
very rarely happens, W exceeds 240,000, this design cannot be 
safely used, and a thicker blade will be necessary, entailing a loss 
of efficiency. 

Layout and Dre.wing 

The layout of the basic propeller is shown in Fig- 4. All di- 
mensions necessary for drawing the propeller are shown in terms of 
the diameter \^±th the exception of the blade angles and the airfoil 
sections. A drawing of the master section is shown in Fig. 5. 

The blade angles are based on uniform geometric pitch, so for 
any section 

tan blade angle = 

where r is the radius of the section in terms of the diameter. 
Fig. 6 is a series of curves showing the blade angles plotted 



1\UA.C-A. Technical Note No- 312 6 

against the pitoh-diarnet er ratio p/D, for each of the six sections 
of the basic propeller. 

It v;ill be noticed that the centers of gravity of the sections 
lie on a line v/hich is determined by offsets from the radial center- 
line (Figs. 4 and 7). This is for the purpose of reducing the 
stresses. 

Care niust be taken to distinguish correctly between right-hand 
rotation and left-hand rotation* A right-hand propeller turns 
clockv/ise v/hen viewed from the slipstream. The basic propeller in 
Fig. 4 is right-hand and the example in Fig* 7 is left-hand- 
Actual Steps in Design and Layout 

Given: Brake horseporjer, revolutions per minute, speed in mile 
per hour, engine hub dimensions, and direction of rotation. 
1* Performance Coefficient (Fig. 1) ♦ 

(a) A straight edge is run through the given HP. on the horse- 
power scale and through the corresponding value of N on the revo- 
lutions per mdnute scale, and the point where it crosses the refer- 
ence line is marked. 

(b) The straight edge is then run from, the above point on the 
reference line through the given speed on the miles per hour scale, 
and the va,lue is read v;here the straight edge cuts the Performance 
Coefficient scale- 

2. J and p/D (Fig. 2) . 

(a) The point for the value of the Performance Coefficient is 
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projected to curve. 

(b) The value of J is read on scale at left. 

(c) The value of p/D is read on scale on the curve itself. 

3. Diameter- 

(a) D = inches. 

4. Efficiency (Fig. 3). 

(a) The efficiency is determined for the value of • J found 
in Fig. 2. 

5* Dimensions necessary to laying out the propeller are found 
by multiplying the dimensions given on the "basic propeller (Fig. 4) 
by the above diameter* 

6» The dimensions of the individual blade sections are found 
by multiplying the maxim.um blade thickness by the ordi nates shov/n 
in the master section (Fig. 5). The sections are divided into ten 
equal divisions v/ith the division nearest the leading edge subdi- 
vided into halves and quarters* 

The two sections nearest the hub are double cambered* These 
are figured as if they v/ere two single cambered airfoils placed 
face to face, but new radii are drawn in at the leading and trailing 
edges* 

The blade angles are found for the above p/D on Fig. 6, 
for the various sections. 

8* The layout is made full scale or larger, first drawing the 
centerlines and lines of the centers of gravity of the sections as 
shown in Fig. 4. The sections are drawn in around their respective 
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centers of gra.vity at the correct blade angles. They are projected 
up to get the side elevation and plan viev/s. The di'Tiensions marked 
"scale" in Fig. 4, are measured on these views and checlced by the 
correspording measurements on the sections. 

The lamination lines are drawn in as shewn in the example (Fig. 
7). Laminations may be from 1/4" to 1" thick, all of the lamina- 
tions in a single propeller having the same thickness, except the 
outside ones. The lamination lines should be smooth curves, shovv'- 
ing that the propeller is fair and v7ill be rithout bur.ips or waves. 
This is a good check on the dimensions and drawing. 

Example 

Given: HP. = 20 

N = 2000 revolutions per minute 
V = 60 miles per hour 
Rotation - Left-hand 
Hub dimensions as sho^vn in Fig. 7. 

1. Performance Coefficient = 1.01 (Fig. 1) 
(The solution of this is shown on the figure.) 

2. For a value of the performance coefficient of 1.01, 

J = .484 and p/B = .560 from Fig. 2. 

^ Diameter D = 1056V ^ 1056 x 50, = 55,5 mches. 
6. uiaraeter, d goOO x .484 

Pitch, p = p/d X D = .560 X 65.5 = 36.7 inches. 

4. From Fig. 3, for J = .484 the efficiency is -71 or 
71/.. 
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5. The dimensions necessary for layout are found from the basi 
propeller and the master blade section (Figs. 4 and 5). (These may 
be checked on the drav.dng of this example, Fig. 7.) 

6. The blade angles for p/D = .560 are found from Fig. 6, 
as follows: 

Section Angle 
.075D 50.0° 
.15 D 30.7° 
.225D 21.6° 
.30 D 16.5° 
.375D 13.4° 
.45 D 11.3° 

7. The complete layout and working drawing of the propeller 
is shown in Fig. 7. 

8. The product of the revolutions per minute and the diameter 

in inches is 

m = 2000 X 65.5 = 131,000. 

This is less than 170,000, so that spruce my be used in making the 
propeller. 
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' DIRECTIONS 

1. DRAW A LINE THRU THE HP. AND THE R P. M.. MARKING 
THE POINT WHERE IT CUTS THE REFERENCE LINE 

a. DRAW A LINE FROM THIS POINT THRU THE M. P. H. AND 
EXTEND THRU THE PERFORMANCE COEFFICIENT SCALE. 



-I 



-250 



.7 



N.A.G.l.^ Technical Notre Mo. 212 
•P^H ^LO'O \ j 8. 



Fig. 5 



32*0 



9S*0 



L8'0 



96' 0 - 



66*0 



OO'T 



£S'0 



61' 0 




^I.A.C.A. Technical Note No. 212 Fig. 6 




0.4 0.5 0.6 0.7 0.8 0.9 1.0 i.l 

Pitch-diameter ratio = p/D 
-pir;,.6 Blade angle curves 



